Background: More knowledge is needed regarding the effectiveness of weight gain prevention programmes. The present study tested the 12-and 24-month effectiveness of the 'Netherlands Research programme weight Gain prevention' (NHF-NRG)-In Balance-project, a worksite-based intervention aimed at the prevention of weight gain.
Background
Data from around the world show alarming increases in the prevalence of obesity during past decades [1] . The situation in the Netherlands is no exception, with comparable increases in the number of individuals suffering from overweight and obesity as other European countries. In order to tackle this health issue it has been suggested that efforts should focus on promoting small life-style changes and not on producing weight loss, but on eliminating or reducing the gradual excessive weight gain occurring in people of all ages [2] . However, despite the expanding interest, little is known about the effectiveness of weight gain prevention programmes, as few studies have tested programmes that were designed for this purpose [3, 4] .
The multidisciplinary research programme 'Netherlands Research programme weight Gain prevention' (NHF-NRG) was initiated for exactly this purpose and aimed to evaluate three weight gain prevention programmes targeted at different risk-groups [5] . The present paper describes the effectiveness of one of these programmes, namely the NHF-NRG In Balance-project: a worksite-based prevention programme directed at the prevention of weight gain in young adults, through changes in both physical activity and food intake [6] . The programme, which was developed based on the Intervention Mapping protocol [7] , aimed to prevent weight gain through the following programme objectives: (1) increase frequency and duration of walking and cycling, (2) increase physical activity level at work, (3) decrease portion sizes and (4) decrease intake of energy-dense foods, through replacement of high fat products by low energy dense products, replacement of products low in fibre by fibre-rich products and replacement of saturated fats by unsaturated fats.
Young adults are of particular relevance for prevention of weight gain, as young adulthood is recognized as a high-risk period for weight gain [8, 9] . The average annual weight gain of young adults in the Netherlands is approximately 0.60 kg/year [10] . The NHF-NRG In Balance-project was worksite-based, not only as this is a major environmental context for young adults [11] , but also because worksites provide many opportunities to reinforce the adoption and maintenance of healthy lifestyle behaviours [5] Moreover, worksites provide the opportunity to deliver interventions across multiple levels of influence, including individual, interpersonal and environmental influences [12] . Previous worksite health promotion programs that have combined interventions both for individuals and workplace environment, such as the Seattle 5-a-Day worksite study [13] , the Working Healthy Project [14] and the WellWorks-2 study [15] , have been found to be effective. In the NHF-NRG In Balance-project a systems-approach to the intervention was therefore applied, combing individual interventions with environmental interventions designed to support the healthy behaviours.
The present paper reports the 12-and 24-month results of the NHF-NRG In Balance-project on several anthropometric measures, which include body weight, body mass index (BMI), skinfold thickness and waist circumference.
Methods

Participants
The recruitment of participants included two steps. First, worksites were recruited based on data collected through the Chamber of Commerce. Eligible worksites should have a minimum of 100 employees and provide canteen facilities. In total, a random selection of 128 worksites located in the south of the Netherlands and meeting the inclusion criteria, was approached by mail and telephone and invited to participate. Interested companies were informed of the project and research demands. During the recruitment, it became apparent that worksites were unwilling to participate due to the randomization design of the study; six worksites (a hospital, local government, paper factory, tile factory, pigment factory and water-supplying company) agreed to participate in the study however only if they were part of the intervention group [16] . Consequently, the randomization design was dropped and a quasi-experimental pre-test multiple-post-test control group design was applied. Accordingly, six control worksites (a hospital, local government, furniture manufacturer, cable factory, energy-supplying company and a university) were matched with respect to the social economic status of the worksites of the intervention group. These differences in social economic status of the worksites were assessed by the occupational level of the worksite, blue versus white collar employees (see also [16] ). The participating worksites included all the departments within these worksites and employed 100-800 persons (see figure 1) . The overall participation rate of worksites was 9%.
The second part of the recruitment concerned the individual participants (employees). With permission of the participating worksites, all employees under 40 years of age were contacted by letter and invited to participate in a weight gain prevention programme on a voluntary basis. Only participants with a BMI above 18 kg/m 2 were eligible for the study. Additionally, participants were excluded if they had any medical restrictions with regard to diet or physical activity behaviour. Interested individuals (20-25% per worksite) received an information booklet in which the project was described in more detail and which included an informed consent form. Those who showed an interest were all included in the study. Both participants of the intervention and control group read and signed the same informed consent form before participating in the study. The study was approved by the Medical Ethical Committee of the Academic Hospital Maastricht, the Netherlands.
The NHF-NRG In Balance-project intervention A complete description of the intervention of the NHF-NRG In Balance-project has been published previously [6] . Briefly, the programme consisted of an individual component and a worksite (environmental) component; both were directed at changes in food intake and physical activity (see figure 2) .
Participants in the intervention group received all the interventions of the individual component of the NHF-NRG In Balance-programme. However, the worksites of the intervention group were given the freedom to implement environmental interventions, which the linkage-boards found suitable. Linkage-boards are systems that connect those who are developing the programme to those who will be using the programme, in order to encourage collaborative program development ending in effective implementation [7] . Worksites and individuals in the control group did not receive any interventions and were contacted only for measurements. Participants were told that they were participating in a study aimed at monitoring body composition changes over a period of two years. After the studyperiod, they received certain components of the NHF-NRG In Balance-project.
Individual interventions
The individual component contained the following interventions: expert monitoring and evaluation of body composition measures in relation to healthy standards; 'In Balance-box' consisting of a pedometer, waist circumference measuring tape (indicating with a colourscheme if one has a healthy waist circumference), a 'calorie-guide' and instruction brochure (including physical activity and food intake diaries, log of steps walked); In Balance-website (includes access to WeightCo@ch, a personalised advice instrument aimed at weight maintenance); two computer-tailored CD-ROMs. Both CDROMs gave stage-matched tailored feedback; the first was directed at awareness of weight status and knowledge regarding the energy balance-related behaviours, the second at changing the energy balance-related behaviours. We tailored on participant's choice of behavioural priority of change [17] by giving the participants the choice which energy balance-related behaviour they would like to change first. 
Environmental interventions
The environmental components were to be delivered by a worksite linkage board [7] within each worksite over a continuous period. The linkage-board comprised of a representative of the research team (only the first year, see figure 2) and employees who were able to facilitate collaboration or were in the positions to influence changes necessary to support the adoption, implementation and institutionalisation of the programme, such as representatives of the worksite cafeteria, of human resources, care-taker, dietician etc. Environmental interventions were incorporated into a handbook, which contained the existing 7-step programme of the Workplace Health Promotion consultancy (The Netherlands Institute for Health Promotion and Disease Prevention (Healthcare and Work)) and served as a guide for assisting the worksite linkage board through the different stages of diffusion. The board was free to choose which environmental intervention they wanted to implement within their company, if necessary environmental interventions could be modified to better fit within the specific worksite. The selection process of suitable environmental interventions was dependent on the needs and possibilities of the worksite. Interventions included for example changes in the assortment of food products in the cafeteria, workshops, an information wall containing information on the balance between food intake and physical activity, posters/prompts stimulating stair use and ways to form lunch-walking and cycling groups.
Outcome measures
Outcome measures were assessed at baseline, 12 and 24 months and included body composition measures and self-report measures. The protocol for the measurements was identical for all three time-points and for all subjects. All measurements were executed in the morning after an overnight fast, at the worksite of the participant and performed by the same researcher. Measurements started in September 2003 and data collection was completed for all study participants in August 2006.
Body weight, height, skinfold thickness and waist circumference were measured. Body weight (kg) was measured, in underwear, to the nearest 0.1 kg with a digital laboratory scale (Seca, Model 861, Hamburg, Germany). Height (m) was measured to the nearest 1.0 mm without shoes with a mobile measuring unit (Seca, Model 225, Hamburg, Germany). Skinfold thickness was determined using the sum of four skinfolds measured with the Harpenden skinfold calliper (HSK-BI, British Indicators, West Sussex, UK). Skinfolds included biceps (anterior surface of the biceps midway between the anterior auxiliary fold and the antecubital fossa), triceps (vertical fold on the posterior midline of the upper arm, halfway between the acromion and olecranon process), subscapular (fold on the diagonal line coming from the vertebral border to between 1 and 2 cm from the inferior angle of the scapulae) and suprailiac (diagonal fold above the iliac crest even with the anterior auxiliary line). Waist circumference measures were obtained to the nearest 0.1 cm with a tape measure. It was measured at the abdominal waist (horizontal at the umbilicus).
The self-report measures were assessed with a selfadministered written questionnaire, which participants returned completed during the body composition measurements. The following self-report outcome measures obtained by the questionnaire were incorporated in the present study: demographic characteristics including gender, date of birth, marital status (married or living together; separated, divorced, widowed, never married) and highest level of education (high school or less; some college/vocational training; university); smoking status, measured with the following item: "do you smoke?" (yes, daily; yes, occasionally; no, never).
Statistical analyses
A required sample size of 500 participants from 12 worksites was determined to be large enough to detect a medium effect size (Cohen's d 0.45), with a power of 80% and an alpha of 0.025, which is corrected for multiple testing. The power calculation assumed an intraclass correlation of 0.02, which results in a required sample size of 465, taking a 20% drop-out rate into consideration. The primary outcomes examined in this study are changes in body weight, BMI, sum of skinfolds and waist circumference from baseline to 12 months and 24 months. Prior to the analyses, data of female participants who had been pregnant during the two-year project were excluded. To assess potential dropout bias, baseline characteristics age, gender, BMI, marital status, education and smoking status were compared between those who dropped-out and those who attended all measurements. An intention-to-treat analysis was conducted for 12 and 24 months in which dropouts in the intervention and control group were assigned average weight changes that were observed in the control group at both time-points. The analyses (data not presented) showed similar results as the 'on treatment analyses' both for the changes after 12 and 24 months, the 'on treatment analysis' are the primary analyses and are presented below.
The effect analyses were performed in five steps. First, differences in baseline characteristics of participants in the intervention and control group were explored, using Student's t-test or Chi-square test. Second, differences between the intervention and control group in changes in body weight, BMI, skinfold thickness and waist circumference at 12 and 24 months were examined using linear regression analyses adjusting for various baseline characteristics (age, gender, BMI, marital status, education and smoking status). The measurements were repeatedly obtained for the same subjects, nested within several worksites, yielding a three level design. To deal with possible dependencies in the measurements across time due to being obtained for the same worksites and persons, the multilevel linear regression analyses were conducted in MlwiN employing a random intercept that varies both at the level of worksites and at the level of persons [18] . By including the baseline measurement of the outcome variable in the analysis as one of the measurements at the lowest level, combined with a specific coding for the effect of time, differences of outcomes with baseline are analysed, in this way correcting for differences between the intervention groups at baseline. In this analysis the unstandardized regression coefficient (B) for the interaction between time and the intervention factor represents the intervention effect on such change scores. The analysis model is comparable to a repeated measures ANOVA (adjusted for baseline) for follow-ups at 12 months and at 24 months, however there being no random interaction effects with time. Adjustments for the baseline value of age, gender, BMI, marital status, education and smoking status were made, by including these variables as covariates in the analysis. All p-values are two-sided and 5% level of significance was used. Thirdly, Cohen's d effect sizes were calculated in order to calculate the magnitude of the intervention effect; d is defined as the difference between two means divided by the pooled standard deviation in the population. Effect sizes are defined as "small, d = .2," "medium, d = .5," and "large, d = .8" [19] . Fourth, potential interaction effects of the intervention group with gender, age and BMI were explored. If significant interactions occurred analyses were repeated with stratification by gender, age, or BMI. Fifth, two types of intraclass correlation coefficients (ICCs) were calculated for each of the four outcome measures. The ICC on worksitelevel is the random intercept variance at worksite-level divided by the total variance and thus reflects the degree to which differences on outcome measures can be explained by random effects of the worksites. The ICC on person level is the random intercept variance at worksite level plus the random intercept variance at person level divided by the total variance, thus reflecting to what extent differences on outcome measures can be explained by random effects of worksites and individuals [20] .
Results
Attendance
The number of participants who were not measured at 12 and 24 months was 71 (19.5%) and 110 (30.1%), respectively, for the intervention group and 24 (12.8%) and 43 (22.9%), respectively, for the control group (see flowchart). The most common reasons for discontinuation were change of occupation, conflict with workload and stress-related issues. The dropout analyses revealed some selective dropout. Both after 12 and 24 months smokers were more likely to discontinue the study than non-smokers (OR = 1.87, 95% C.I. 1.02-3.43 and OR = 2.33, 95% C.I. 1.41-3.84).
Participant characteristics
Baseline characteristics of the control and intervention group are described in table 1. Participants from the intervention group were older and had a higher BMI than participants from the control group (38.9 vs. 35 years and 25.7 vs. 24.2 kg/m 2 ). Apart from these differences groups did not differ in terms of baseline characteristics. Overall, there was an equal distribution of men and women between the intervention and control group and participants were equally well educated, nearly 50% had tertiary education, married or living together and non-smokers.
Anthropometric changes over 12 and 24 months
Changes in skinfold thickness, waist circumference, body weight and BMI for the two groups over 12 and 24 months are depicted in table S1 (additional file 1). At 12 months follow-up, a statistically significant difference between the intervention and control group was evident for the change of sum of skinfolds (B = -2.52, 95% C.I. -4.58, -0.45), with a corresponding Cohen's d of 0.26. A greater reduction in sum of skinfolds was observed for participants in the intervention group than for participants in the control group. These differences sustained over 24 months (B = -4.83, 95% C.I. -6.98, -2.67), the Cohen's d was 0.44. Significant differences were also observed between the intervention and control group for changes in waist circumferences both at 12 months (B = -1.50, 95% C.I. -2.35, -0.65) and at 24 months (B = -1.30, 95% C.I. -2.18, -0.42), with respectively Cohen's d 0.37 and 0.33. Participants from the intervention group reduced their waist circumferences over time in comparison to an increase in the control group.
Changes in weight and BMI however did not differ significantly between the two groups neither at 12 nor at 24 months. Although changes in weight and BMI were not statistically significant, they were in favour of the intervention group. The corresponding Cohen's d's were all smaller than 0.20.
Significant interaction terms were found for the changes in skinfold thickness (table 2) . A significant interaction effect of group with gender was observed for the changes in skinfold thickness at 12 (p < .05) and 24 months (p < .05), on the basis of which a stratification was made by gender. A larger reduction in skinfold thickness was observed in women in the intervention group than in women in the control group both at 12 months (B = -3.15, 95% C.I. -5.95, -0.35) and at 24 months (B = -5.14, 95% C.I. -8.06, -2.21). No significant effects were observed among men.
Process evaluation of the environmental interventions
Data collected by observation and registration of activities revealed that four of the six worksites implemented environmental interventions. All four worksites placed posters near the elevators and stairs to stimulate stair use over a 3-week period [21] and provided general information on the project. Two (hospital, paper-factory) of these four worksites formed worksite linkage boards and implemented more environmental interventions, which included making the NHF-NRG In Balance-project visible through articles in the worksite personnel magazine or through intranet. The hospital organized several special events: a 1-week placement of an 'information wall' containing information on the balance between food intake and physical activity in addition to the presence of a health professional who took waist circumference measurements and gave advice. This worksite also handed out free apples during National Health Week, together with information booklets and maps and walking routes that were located around the hospital. Moreover, they made their personnel aware of the hospitals physical activity facilities, e.g. squash, aerobic classes, bikes to borrow. After the 2-year period the hospital was in negotiation regarding a specific bikescheme. The paper-factory organized a series of workshops given by a dietician on healthy eating, distributed pamphlets on physical activity and information regarding special offers at local sports facilities.
Discussion
The present study was designed to test the 12-and 24-month effectiveness of the NHF-NRG In Balanceproject, with regard to changes in body weight, BMI, sum of skinfolds and waist circumference. The results indicate that with regard to changes in sum of skinfolds and waist circumference the project was indeed effective at both 12 and 24 months. Even though changes in weight and BMI between the intervention and control group were not significantly different, they did change in the desired direction. Overall, the intervention of the NHF-NRG In Balance-project had a positive effect on the body composition measures of the individuals in the intervention group. The interpretation of effect sizes of Cohen's d imply effects of medium magnitude for the changes in skinfold thickness and waist circumference both after 12 and 24 months (Cohen's d between 0.33 and 0.55). Such changes in body composition indicators may have important health implications, as it has been demonstrated that the health risks associated with obesity derive primarily from fat rather than weight [22] . Moreover, it is not only the total amount of fat that is important, but also the distribution of fat in the body [23] , with central fatness being most related to health risks [24] . The reduction in skinfold thickness and waist circumference observed in the present study reflects a reduction in central fatness [22, 25] . The decrease in waist circumference is most relevant, as a large waist circumference is independently associated with health risks [26, 27] and mortality [28, 29] . On a population level it has even been shown that there is a more significant trend of increases in waist circumference over time than BMI [30] . The observed changes in anthropometric measures could be a result of changes in participants' food intake and/or physical activity behaviour. With regard to changes in waist circumference it has been demonstrated that an increase in fibre intake was associated with a reduction in waist circumference in men [31] . A strong dose-response relationship has also been observed between the amount of exercise and measures of central obesity [32] . Interestingly, changes in physical activity can lead to changes in body composition, which may be reflected in changes in waist circumference, while body weight remains stable through increased muscle mass [33, 34] . This is in line with the findings of the present study.
Stratified outcome analyses were interesting. It appeared that the intervention only had an effect on the changes in skinfold thickness in women and not in men. It would be interesting to see if this is a result of the engagement in different energy balance-related behaviours of men and women.
The process evaluation of the environmental interventions showed that two worksites formed a worksite linkage-board, who implemented several environmental interventions throughout the two year period. When taking baseline characterises into consideration, the individuals in these two worksites appeared to show better results with regard to changes in waist circumference Table 2 Body composition changes stratified for gender adjusted for and sum of skinfolds than individuals in worksites with fewer components to the intervention both after 12 and 24 months (data not shown). Although the study was not powered to significantly detect these between-worksite differences, this finding does underscore the importance of intervening on both the individual and the environmental level. Moreover, it showed that the context of the worksites did not affect the uptake of the intervention, as one of these two worksites had predominantly white-collar workers and the other blue-collar. This finding as worksite-health promotion programs are often less likely to result in health behaviour change in blue-collar workers [35] .
The NHF-NRG In Balance-project is one of few worksite obesity prevention programmes, which 1) is primarily aimed at weight gain prevention through changes in both food intake and physical activity, 2) contains both individual and environmental components and 3) assesses longer-term follow-up effectiveness. A recent review of papers on lifestyle interventions aimed at prevention of overweight and obesity, with primary programme objective weight management, prevention of weight gain or moderate weight loss among adults, included four additional studies to the present study, in which workplace interventions were evaluated. Two of these studies included behavioural goals that were aimed at both diet and physical activity; three included both cognitive and environmental goals and two studies assessed effectiveness after a 12 month follow-up. Significantly smaller increases in BMI in the intervention conditions were observed in one study; no treatment effect for weight or BMI changes was found in the others. Two of the studies also included measurements on percent body fat, both of which observed significantly positive effects [36] . These findings are in line with those observed in the present study. To date, there has been an increase in the number of worksite obesity prevention studies that are testing environmental or combined environmental-and individual-level worksite interventions over a longer period of time, e.g., through the National Heart, Lung, and Blood Institute [37] . However results regarding effectiveness have not yet been published.
In the present study, we perceived several benefits of implementing the intervention within a worksite setting. Firstly, the worksites provided access to a large number of adults with different educational backgrounds. Moreover, the employees within the worksites are able to play an important role in diffusing the intervention throughout the worksite by impacting social norms, which in the long-term may influence the behaviours of co-workers who did not change their behaviour initially [38] . Difficulties were perceived with regard to enhancing facilitators of environmental changes, as only two of the six worksites set up a worksite-linkage board. As the linkage boards play a crucial role in the adoption, implementation and institutionalization of the environmental components, strategies should be developed to mobilize support and commitment for the formation of such boards.
There are a number of limitations of this study, including those concerning the generalizability. The first is related to the recruitment of companies, as only 9% of the approached companies were willing to participate. An important reason for companies not to participate in the NHF-NRG In Balance-project proved to be the randomized evaluation design of the programme, implying that companies were not willing to take the risk of being excluded from the intervention [16] . We were therefore forced to drop the original randomization design of the programme and assign worksites to the experimental and control group based on matching. As a result of which it is possible that selection bias occurred, weakening the internal validity of the results. Moreover, external validity was weakened by the fact that participating worksites were most likely not representative of the average worksite, in that the participating worksites probably showed a higher interest in health promotion than worksites in general. Implementing the project in less interested worksites might not have generated the same results. A second limitation of the present study is the recruitment of participants. Even though the aim of the project was to prevent weight gain in young adults, there was a relatively high response of older and overweight individuals, in line with observations of other studies [27, 28] . This may have resulted in a selection bias, in which individuals who were more interested to change the targeted behaviours were oversampled. Moreover, there was a high response of participants with a tertiary education. The third limitation concerns the statistical analysis, although sophisticated multilevel analyses were executed in this study, the statistical procedures may not fully account for all potential dependencies that were introduced as a result of the research design. For example, our statistical model contained only one random component for worksite, implying that every worksite is assumed to have exactly the same response to the intervention (if in intervention) or to the control situation (if in the control condition). The fourth limitation pertains to the process evaluation; unfortunately we were unable to perform an in-depth analysis regarding the uptake of interventions by the individuals. The fifth limitation is related to the absence of a significant difference in weight changes over time between both groups. Even though the drop-out rate after two years was above 20% (27.5%), the required sample size to detect a medium effect (n = 372) was still met (n = 401). However, weight changes observed in the control group were smaller than those expected, with smaller weight change differences between the groups (0.5 kg at 12 months). The smaller increase in weight in the control group is most likely a result of measurement effects. However, it could also be a result of a selection bias; the control group might have consisted of more motivated individuals who are susceptible to change. Moreover, it is possible that those individuals who dropped-out were those with a higher BMI.
Conclusions
The findings presented here show the effectiveness of the NHF-NRG In Balance-project and support the value of using workplace settings for maintenance of behavioural changes in the area of weight gain prevention. Additionally, it underscores the importance of systematically developing an intervention that contains both individual and environmental components and is directed at changing both physical activity and dietary behaviour. Furthermore, the results support the notion that more attention needs to be given to generating interest in weight management both among worksites and among individuals who are at risk of weight gain.
Additional file 1: Table S1 -Estimates of treatment effect (B), intercept variance and the intra-class correlation coefficients. Note: Random intercept at worksite and person level, adjusted for baseline age, gender, BMI, education, marital status and smoking status. P-values for differences between intervention and control groups. The ICC (worksite) is the random intercept variance at worksite level divided by the total variance of the outcome measure, the ICC (person) is the random intercept variance at worksite level plus the random intercept variance at person level divided by the total variance of the outcome measure. Abbreviations: sample size (N); standard deviation (SD); unstandardized regression coefficient (B), Confidence Intervals (C.I), estimates of random intercept variance (s 2 ), Standard Error (SE), Intraclass Coefficient (ICC).
